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Abstract: To construct a standardized detection system for microplastics in airborne dust and clarify
the applicable boundaries of mainstream detection technologies, this study systematically compared
the core performance, data differences and applicable scenarios of Fourier transform infrared micro-
spectroscopy (W—FTIR) and pyrolysis—gas chromatography—mass spectrometry (Py-GC—MS). Taking
actual airborne dust as research objects, the advantages and disadvantages of the two methods were
analyzed through four verification tests after unified pretreatment. The results showed that n-FTIR
could realize non-destructive detection and accurately obtain microplastic morphology and polymer
types, suitable for the qualitative analysis of large-size microplastics (>50 wm) , but its detection
rate for ultra-fine microplastics (<20 wm) was only 18. 6% with weak anti-interference ability. Py-
GC—MS was not limited by particle size and morphology, with a full-size detection rate of over 90%
and excellent quantitative accuracy and stability, which was suitable for complex aged samples, but
it could not obtain morphological information and distinguish structurally similar polymers. In actual

sample detection, the dominant microplastic components (PE, PP, PET) identified by the two
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methods were highly consistent, while the particle abundance and mass concentration were only mod-
erately correlated (R*=0. 724) and could not be directly converted due to differences in particle size
distribution and polymer density. In conclusion, the two methods have complementary advantages.
The standardized combined application can realize the comprehensive characterization of "morpholo-
gy—composition—mass" of microplastics in airborne dust, providing technical support for the standard-
ization of microplastic detection, pollution traceability and risk assessment.

Key words: airborne dust; microplastics; w—FTIR; Py-GC-MS; method comparison; detection

standardization
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Table 1~ Comparison of detection limits and quantification limits of two detection methods

Polymer type w—FTIR Py-GC-MS
LOD/(items-g™") LOQ/(items-g™) LOD/(pg-g™) LOQ/(pg-g™)
PE 2.3 7.7 0.12 0.40
PP 2.5 8.3 0.15 0.50
PET 3.1 10.3 0.21 0.70
SBR 3.5 11.7 0.25 0.83
pPvC 4.2 14.0 0.32 1.07
PC 4.5 15.0 0.35 1.17

PRI AN R 2RO R R S i e — . o, 2 TS RIEAR PE . PP SRR ZRGBIEL
FJLOD. LOQRAR, R E A ; MERLGY > TEMEARERTE, PET. SBR. PVC. PCHIE:
BB T, PC RS I RS i 22 . I SRS Z M Fr S VIFH S . PE. PPAR
TIREPEELE R, AR, IR R VMG RSN, A ST, AR
EPERF; M PVC, PCEHEREMIEA. AHFERET, /i THsiiE e, PSYRF-IPhRey, GraE
BT, FERDGSEHIE S EE, HZS S0 RS R E TR
2.1.2 EWERSEBEZEEZ[INE  BICKS RSD AR REIN 7 i dEmh T 5 B S e EEAR . W
Fh 7 0 AN ) 2R G R ) AR IRl 28 5 RSD WP SR LA 2., SEIR 3R I 3 Ibok-F, B4 hids
IR 6 2K 5 e g 3FIIAR AT T I X i
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Table 2 Comparison of spiked recoveries and precision between two methods (n=6)

T L—FTIR Py-GC-MS
Mean recovery/% RSD/% Mean recovery/% RSD/%
PE 82.6x4.2 6.2 92.5+3. 1 3.3
pp 85.3+4.5 7.1 108+4. 2 3.9
PET 75.5+3. 8 10 86.3+4.0 5.6
SBR 76.8+4.0 8.7 87.6+2.9 2.8
pPvC 74.2+3.7 12 81.4+3.5 4.7
PC 72.3+6.0 11 82.5+4.9 3.8

HHEE 2 0%, w-FTIR B3R R S (72, 3+6. 0)%~(85. 3+4.5)%, RSD 4 6.2%~12%; Py-GC-MS
B PR IR A (81. 4+3.5)%~(108+4. 2)%, RSD 2. 8%-~5. 6%, tuillfe et SHEetE. MLEZE
53 BT, —FTIR AR 6N TR Ao 55 5000 40, /NBLAR ROER By ilekss . BRI 0t 5 51 & i I iR
A, NI 522 55 PR R B (R 22 . R B AR AL O IR . T Py-GC-MS il i T P i
VR R S AL A RIE AN FP21, MRFCAES H Ak se i Pk e i, AU ECHILIkE ok 50 4
5N hFEMIRE, KMESESREETER ", Py-GC-MS X} PP i IR 5T 100%, F2E T2
RPN R E A T, (R w2240 T ol 780, wld@ itk ik o i S ik — B e e
2.1.3 MEBEUEERFRXERR SBELPHEERAREER K, RNEPARGERN IR T
h GRS AR 22 5, RIS 5 o A PR AR S R R thAE I oG B, PR 7 i AN ]
I IX 8] PE A H 2R 5 [ USC T 45 2R e 3
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Table 3 Comparison of detection rates and recoveries between two methods in different particle size intervals

. . w—FTIR Py-GC-MS
Particle size range - -
Detection rate/% Recovery/% Detection rate/% Recovery/%
<20 pm 18.6 72.5 91.2 89.6
20~50 pm 45.2 81.3 90. 8 90.2
50~200 pm 89.5 88.6 92.5 91.3

>200 pm 92.3 90. 1 91.7 90. 5
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Table 4  Comparison of qualitative accuracy between two methods under different matrix interferences

Qualitative accuracy/%

Detection method Polymer type

PE PP PET SBR PVC pPC Comprehensive accuracy/%
w-FTIR Standard sample 91.3 88.7 82.6 78.9 75. 4 80.2 91.3
Humus added 78.5 75.3 69.8 66.2 62.7 67.5 74.2
Quartz dust added 72.8 70. 1 65.5 62.3 59.9 63.8 68.5
Carbon black added 69.5 67.2 62. 1 59.7 57.3 60.9 65. 1
Py-GC-MS Standard sample 99.2 98.5 97.8 96.7 97.1 90.3 98.5
Humus added 97.5 96. 8 95.9 94.8 95.2 88.6 96.2
Quartz dust added 97.1 96.3 95.4 94.3 94.7 88.1 95.7
Carbon black added 96. 8 95.9 95.1 94.0 94.2 87.5 94.9

eAh, ERVER EA R R ) e PERR e M . w-FTIR (0 P R 2 35V N R0 (1 5 4%
K, X BRI 0 UM AR AR E IR 2S5 T Py-GC-MS SR A ER A shEt:, ATk ED, %4
IR 5
2.1.5 ZURMEHENHZHEES BARAKRE PR A SSUE R BT, MHEik 2k
RS0 A P A SR S I T S (6 5) o RS uT s, AR A —FTIR ARSI 1 BE 52 d2 3%, it X
Py-GC-MS BN AE /N o X TR AR, w—FTIR 09 & Y a7 2 4 86. 7%, Py—GC—-MS 1 97. 8%;
WREIZ UV 365 nm #4015 d G, p—-FTIR M) @ HEHER RIS E 71. 2%, TFET 15.5%, i Py-GC-MS
{XREZE95. 3%, FBET 2. 5%, XK A EAMEH S EROERE > TEMR . BREm &, 51k
LLAMRE NS . USE(ES EEE,  RIRFRARIS 8 ShnE ML B (K D, SECUERE TR,
Bl 1, 2915, 2848 cm™ A PE. PP C—H MZAIRENFFELE, 1725 em™ & PET ) C=0 SREFFIEIE,
1245 em™ 3 PVC 1) C—CHHSEIRBIFAENE , 1770 em™ g PC BUBRIRBREEEFAENS . AHAE ThrifE BN 1A
ZEIRE AV M SRR A i /MR R Fe o C=O0 Rl o i .38 (% 5~15 em™) 5 [H]
Hh A T O A A 0 0 B AT SR8, WA g S A R B IR AR 5 DA Bk ) T AR A . T Py—GC-MS
REARFE ORI G o B ZE M RHIE RS =, A E SR OB R R TES 5 R 2454, X
Oy T RBRG AR /N, DA FE S A IV AR R A R % 2. 5%, XF AR AL SEFR AR A s
PEF SR, SIS AEFANE JAE SR 5
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Table 5 Effect of aging on the detection performance of two methods

Sample type w—FTIR accuracy/% Py-GC-MS accuracy/%
Unaged microplastics 86.7 97.8
UV-aged microplastics 71.2 95.3
‘ \’M l
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Fig. 1  Comparison of infrared spectra of PE before and after aging
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Table 6  Summary of microplastic detection data in different functional areas

Function- p—FTIR/  Py-GC-MS/ Polymer dominant ~ Main poly- Polymer propor-

Polymer particle  Polymer mass

Correlation be-

alarea  (items'g') (pgrg™) component order mer type tion/% abundance I, | DI
(items-g™") (ng-g") methods (R?)
A area 867.5+  87.3x11.2" PE(39%-~44%)>PP PE 44.2 383.4 38.6 0.658(P<
92.4° (23%~25%) >PET PP 24.0 208.2 21.0 0.05)
(12%~17%) >SBR PET 14.5 125.8 12.7
(5. 0%~7.8%)>PVC SBR 7.8 67.7 6.8
(4. 0%-~5. 8%) >PC PVC 5.8 50.3 5.1
(4. 0%~5. 9%) PC 5.9 51.2 5.2
B area 412.6+  42.7+6.5" PE(40%~41%)>PP PE 40.5 167. 1 17.3 0.735(P<
53.7" (25%~26%) >PET PP 25.1 103. 6 10.7 0.05)
(16%~17%) >SBR PET 16.8 69.3 7.2
(5. 0%~5.5%)>PVC SBR 5.2 21.5 2.2
(4. 0%~4. 5%) >PC PVC 4.2 17.3 1.8
(4. 0%~4. 5%) PC 4.1 16.9 1.8
C area 125.3+  12.5%2.1° PE(39%~40%)>PET PE 39.1 49.0 4.9 0.812(P<
18.6° (12%~13%) >PP PET 12.3 15.4 1.5 0.05)
(10%~11%) >SBR PP 10.0 12.5 1.3
(5. 0%~5.2%) >PVC SBR 5.0 6.3 0.6
(4. 0%-~4. 2%) >PC PVC 4.0 5.0 0.5
(4. 0%~4. 2%) PC 4.0 5.0 0.5

values with different lowercase letters within the same column are significantly different (P<0.05) ; the polymer qualitative results obtained by

the two methods exhibited a Pearson correlation of R>0. 95 (P<0. 05), with the proportional difference of each polymer being less than 3%; n=6
PR R TS e A e 2 —80, REWEMLIREEV & RRRER>0.95), BN PE,
PP, PET ALY o (HPIZETT IR ORI B A E W 25 5, IO ORE £ B 5 BT R ik B
SEAHSRNE CBER R2=0. 724) , B TCIk BRSPS ik MR (i 22 T2 SR T A% B 0 B U S5 o
P, —RRRRTME, <20 pm @ RRHECE 5 HE 60%, A& p-FTIR FURLF EESE TH) 24k, B
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Fig. 2 Morphological characteristics of microplastics in air deposited dust
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